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emitting elements corresponding to a line 1n a second direc-
tion perpendicular to a first direction which 1s a rotational
direction the photosensitive element. The light emission con-
trol device includes: a detecting unit that detects a rotational
position of the photosensitive element, 1n the first direction,
corresponding to a line 1n the second direction; an acquiring
unit that acquires a distance between the light emitting ele-
ments and the rotational position of the photosensitive ele-
ment 1n the first direction detected by the detecting unit; and
a control unit that controls light emission by the light emitting
clements according to the distance acquired by the acquiring
unit and corrects a fluctuation 1n a density of a visible image

converted from the electrostatic latent image.
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LIGHT EMISSION CONTROL DEVICE,
LIGHT EMISSION CONTROL METHOD, AND
IMAGE FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-

tion No. 2010-276843 filed 1n Japan on Dec. 13, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates a light emission control
device, a light emission control method, and an 1image form-
ing apparatus.

2. Description of the Related Art

In an electrophotography image forming apparatus, due to
fluctuation of the distance between a photosensitive drum
(photosensitive element) and a light-emitting diode (LED)
array 1n an optical axis direction of light, the beam spot
diameter of light that the photosensitive drum receives from
the LED array fluctuates accordingly. This gives rise to a
problem with an electrophotography 1image forming appara-
tus, for example, when the LED array becomes tilted with
respect to a photosensitive drum, the density of the image
fluctuates depending on positions 1n the main scanning direc-
tion. Further problems with the electrophotography image
forming apparatus 1s that, when the photosensitive drum 1s
rotating, the distance between the photosensitive drum and
the LED array in the optical axis direction of the light peri-
odically changes due to the eccentricity of the rotating shait of
the photosensitive drum or the varniation 1n film thickness
formed on the photosensitive drum depending on positions
across the photosensitive drum, which gives rise to a tluctua-
tion in the density of an 1image.

In this regard, a technique which uses a member for keep-
ing the constant distance between the photosensitive drum
and the LED array 1n the optical axis direction of light i1s
disclosed (see Japanese Patent Application Laid-open No.
2010-008913).

However, a problem with this approach using the member
for keeping the constant distance between the photosensitive
drum and the LED array 1n the optical axis direction of light

1s that 1t increases the cost since further study 1s required
about how to constitute the member.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems 1n the conventional technology.

According to an aspect of the present invention a light
emission control device that images an electrostatic latent
image on a photosensitive element by a plurality of light
emitting elements corresponding to a line in a second direc-
tion perpendicular to a first direction which 1s a rotation
direction the photosensitive element, the device includes: a
detecting unit that detects a rotational position of the photo-
sensitive element, 1n the first direction, corresponding to a
line 1n the second direction; an acquiring unit that acquires a
distance between the light emitting elements and the rota-
tional position of the photosensitive element 1n the first direc-
tion detected by the detecting umt; and a control unit that
controls light emission by the light emitting elements accord-
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2

ing to the distance acquired by the acquiring unit and corrects
a fluctuation 1n a density of a visible image converted from the

clectrostatic latent image.

According to another aspect of the present invention a light
emission control method executed by a light emission control
device that images an electrostatic latent 1mage on a photo-
sensitive element by a plurality of light emitting elements
corresponding to a line 1n a second direction perpendicular to
a first direction which 1s the rotation direction of the photo-
sensitive element, the method 1includes: detecting a rotational
position of the photosensitive element, in the first direction,
corresponding to a line 1n the second direction; acquiring a
distance between the light emitting elements and the rota-
tional position of the photosensitive element 1n the first direc-
tion detected by the detecting unit, by an acquiring unit; and
controlling light emission by the light emitting elements
according to the distance acquired by the acquiring unit and
correcting a fluctuation 1n a density of a visible image con-
verted from the electrostatic latent image, by a control unait.

According to still another aspect of the present invention,
an 1mage forming apparatus includes: a photosensitive ele-
ment; a light emitting unit that includes a plurality of light
emitting elements corresponding to a line in a second direc-
tion perpendicular to a first direction which 1s a rotation
direction of the photosensitive element and 1images an elec-
trostatic latent image on the photosensitive element by light
emission from the light emitting elements; a developing unit
that converts the electrostatic latent image formed on the
photosensitive element 1nto a visible 1mage; a detecting unit
that detects a rotational position of the photosensitive ele-
ment, 1 the first direction, corresponding to a line in the
second direction; an acquiring unit that acquires a distance
between the light emitting elements and the rotational posi-
tion of the photosensitive element 1 the first direction
detected by the detecting unit; and a control unit that controls
light emission by the light emitting elements according to the
distance acquired by the acquiring unit and corrects a fluc-
tuation 1n a density of the visible image converted from the
clectrostatic latent 1mage.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the mvention,
when considered 1n connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram illustrating the schematic configuration
of an 1mmage forming apparatus according to the present
embodiment;

FIG. 2 1s a diagram illustrating a toner image formed when
an LED array head 1s inclined with respect to a photosensitive
drum:

FIG. 3 1s a diagram 1illustrating a toner image formed when
an LED array head 1s deviated 1n a parallel direction with
respect to a photosensitive drum;

FIG. 4 1s a block diagram 1illustrating the configuration of a
light emission control device that controls light emission
from an LED array head,;

FIG. 51s adiagram for describing a method of detecting the
rotational position of a photosensitive drum, in a sub-scan-
ning direction, corresponding to a line in a main scanmng
direction;

FIG. 6 1s a diagram for describing an example 1n which a
fluctuation 1n the density of a toner image 1s corrected 1n units
of lines;
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FIGS. 7A and 7B are diagrams illustrating a timing chart
used for outputting a line clear signal and an LED array
lighting control signal;

FIG. 8 1s a diagram 1llustrating an example 1 which a
fluctuation 1n the density of a toner 1image 1s corrected 1n units
of dots; and

FIG. 9 15 a flowchart illustrating a process of correcting a
fluctuation in the density of the toner 1mage.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred exemplary embodiments of an electrophotogra-
phy 1image forming apparatus to which a light emission con-
trol device, a light emission control method, an 1mage form-
ing apparatus according to the present ivention are applied
will be described in detail with reference to the accompanying
drawings.

FIG. 1 1s a diagram 1llustrating a schematic configuration
of an mmage forming apparatus according to the present
embodiment. An 1image forming apparatus 1 according to the
present embodiment includes image forming units 106BK,
106Y, 106M, and 106C for C, M, Y, and K colors, respec-
tively, which are arranged along a conveying belt 105 which
1s an endless moving means as illustrated in F1G. 1. The image
forming apparatus 1 1s of what 1s called a tandem type. Spe-
cifically, the image forming apparatus 1 according to the
present embodiment includes a plurality of image forming
units (electrophotography processing units) 106BK, 106Y,
106M, and 106C which are arranged in this order from the
upstream side 1n a conveying direction of the conveying belt
105, along the conveying belt 105 that conveys a sheet (re-
cording sheet) 104 which 1s separated one after another by a
sheet feeding roller 102 and a separating roller 103 and then
fed from a sheet feed tray 101.

The plurality of image forming units 106 BK, 106Y, 106 M,
and 106C are different in the color of a toner image formed on
the sheet 104 but the same 1n an internal configuration thereof.
The image forming unit 106BK forms a black image, the
image forming unit 106M forms a magenta image, the image
forming unit 106C forms a cyan image, and the image form-
ing unit 106Y forms a yellow image. Thus, the following
description will be made focusing on the image forming unit
106BK. However, since the remaining image informing units
106M, 106C, and 106Y have the same components as the
image forming unit 106BK, in FIG. 1, components of the
image informing units 106M, 106C, and 106Y are denoted
with reference numerals, which are discriminated by M, C,
and Y 1nstead of BK used to represent the components of the
image forming unit 106 BK, and thus the redundant descrip-
tion will be omaitted.

The conveying belt 1035 1s an endless belt wounded on a
driving roller 107, which is rotatably driven, and a driven
roller 108. The driving roller 107 1s rotatably driven by a
driving motor (not shown). The driving motor, the driving
roller 107, and the driven roller 108 function as a driving
means for moving the conveying belt 105 which 1s an endless
moving means.

At the time of forming an 1mage, in the 1image forming
apparatus 1 according to the present embodiment, the sheets
104 stored in the sheet feed tray 101 are consecutively fed
from the top sheet one by one, the sheet 104 1s adsorbed onto
the conveying belt 1035 by an electrostatic adsorption action,
the sheet 104 1s conveyed to the first 1mage forming unit
106BK by the rotatably driven conveying belt 105, and a
black toner image 1s transierred onto the sheet 104 in the
image forming unit 106BK.
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The 1mage forming unit 106BK includes a photosensitive
drum 109BK which 1s a photosensitive body rotating 1n a sub
scanning direction (a first direction) by a driving motor (not
shown), an LED array head 111BK which 1s a light emitting
means for imaging an electrostatic latent image on the pho-
tosensitive drum 109BK with light emitted from a plurality of
Light Emitting Diodes (LEDs) (light emitting drums) corre-
sponding to a line in a main scanning direction (a second
direction) perpendicular to the sub scanning direction which
1s a rotation direction of the photosensitive drum 109BK, a
charging umit 110BK arranged around the photosensitive
drum 109BK, a developing unit 112BK that converts the
clectrostatic latent image formed on the photosensitive drum
109BK into a visible image, a photosensitive drum cleaner
(not shown), a neutralization unit 113BK, and the like. The
LED array head 111BK 1s configured to emit light onto the
photosensitive drum 109BK of the image forming umit
106BK 1n units of 1/n dots.

Here, a description will be made 1n connection with an
operation of forming an 1mage on the sheet 104 using the
image forming units 106BK, 106Y, 106M, and 106C. First, at
the time of forming an 1image, the image forming unit 106 BK
uniformly charges the outer circumiferential surface of the
photosensitive drum 109BK 1n the dark with the charging unit
110BK. Next, the image forming unit 106 BK emits 1llumi-
nation light corresponding to a black image from the LED
array head 111BK and forms an electrostatic latent image on
the photosensitive drum 109BK. Then, the image forming
umt 106BK converts the electrostatic latent image mto a
visible 1mage using black toner with the developing umit
112BK, so that a black toner image 1s formed on the photo-
sensitive drum 109BK. The toner image 1s transierred onto
the sheet 104, by an action of a transier unit (not shown), at the
position (the transier position) where the photosensitive drum
109BK comes into contact with the sheet 104 on the convey-
ing belt 105. Through this transier, a black toner image 1s
formed on the sheet 104. The photosensitive drum 109BK
having completed the transfer of the toner 1image removes
unnecessary toner remaining on the outer circumierential
surface with the photosensitive drum cleaner (not shown), 1s
neutralized by the neutralization unit 113BK, and 1s on
standby for next image formation. Thereafter, the sheet 104
onto which the black toner 1mage has been transierred by the
image forming unit 106BK 1s conveyed to the next image
forming unit 106Y by the conveying belt 105. The image
forming unit 106Y forms a yellow toner image on a photo-
sensitive drum 109Y by the same process as the image form-
ing process performed by the image forming unit 106 BK and
then transfers the yellow toner image onto the sheet 104 on
which the black 1mage 1s formed 1n a superimposed manner.
The sheet 104 1s further conveyed to the next image forming
units 106M and 106C. By the same operation, a magenta
toner 1image formed on a photosensitive drum 109M and a
cyan toner image formed on a photosensitive drum 109C are
transierred onto the sheet 104 1n a superimposed manner. As
a result, a full color 1image 1s formed on the sheet 104. The
sheet 104 on which the full-color superimposed 1mage 1s
formed 1s peeled off the conveying belt 105, and then the
image 1s {ixed by a fixing unit 116. Thereaiter, the sheet 104
1s ejected from the image forming apparatus 1.

Next, the density tfluctuation occurring when the distance
between LED array heads 111BK, 111Y, 111M, and 111C
and the photosensitive drums 109BK, 109Y, 109M, and 109C
change will be described with reference to FIGS. 2 and 3. In
the following description, the LED array heads 111BK, 111Y,
111M, and 111C are collectively referred to as “LED array
head 1117, and the photosensitive drums 109BK, 109Y,
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109M, and 109C are collectively referred to as “photosensi-
tive drum 1097, FIG. 2 1s a diagram 1illustrating a toner image
formed when the LED array head is inclined with respect to
the photosensitive drum. FIG. 3 1s a diagram 1illustrating a
toner image formed when the LED array head 1s deviated in a
parallel direction with respect to the photosensitive drum.

Generally, the LED array head 111 used as light source of
the 1image forming units 106BK, 106Y, 106M, and 106C 1s
disposed such that: a beam spot corresponding to one pixel
can be formed; or a beam spot slightly larger than one pixel in
the main scanning direction can be formed to; thereby pre-
venting formation of a clearance gap in the main scanmng,
direction when the distance between the LED array head 111
and the photosensitive drum 109 matches with the focal
length of light emitted from the LED array head 111. In the
present embodiment, 1t 1s assumed that the LED array head
111 forms the beam spot corresponding to one pixel when the
distance between the LED array head 111 and the photosen-
sitive drum 109 does not deviate from the focal length of light
emitted from the LED array head 111.

However, as illustrated in FI1G. 2, when the LED array head
111 1s inclined with respect to the photosensitive drum 109
(that 1s, the distance between the LED array head 111 and the
photosensitive drum 109 differs according to the position of
the photosensitive drum 109 in the main scanning direction),
a portion on which a beam spot larger than one pixel 1s formed
1s generated on the photosensitive drum 109. Due to the above
reasons, when the electrostatic latent image formed on the
photosensitive drum 109 1s converted into a visible image; the
amount of toner attached onto a portion on which the large
beam spot 1s formed increases; and thus a toner 1image, which
1s thicker than a toner image which was converted into a
visible 1mage by an appropriate beam spot, 1s formed.

Further, as 1llustrated 1n FIG. 3, when the LED array head
111 1s deviated in a parallel direction with respect to the
photosensitive drum 109, a beam spot larger than one pixel 1s
formed on the photosensitive drum 109. Due to the above
reasons, when the electrostatic latent 1mage formed on the
photosensitive drum 109 1s converted into a visible image; the
amount of toner attached onto a portion on which the large
beam spot 1s formed increases; and thus a thick toner image
which 1s relatively thicker than a toner 1mage which was
converted into a visible image by an appropriate beam spot, 1s
formed.

Consequently, the image forming apparatus 1 according to
the present embodiment, the distance between the LED array
head 111 and the photosensitive drum 109 1n each position on
the photosensitive drum 109 1s stored; the light emission from
the LED array head 111 is controlled according to the stored
distance; and thus the density of the toner image 1s corrected.
Specifically, the image forming apparatus 1: calculates a
deviation amount between the stored distance and the focal
length of light emitted from the LED array head 111; and
controls light emission emitted from the LED array head 111
by reducing a driving current supplied to each of the LEDs
installed 1n the LED array head 111 according to the calcu-
lated deviation amount.

Alternatively, when the LED array head 111 1s deviated 1n
a parallel direction with respect to the photosensitive drum
109 (see FIG. 3); the image forming apparatus 1 may correct
the fluctuation 1n the density of the toner image by reducing a
ratio of a light emission time to a line clear period during
which a line clear signal 1s output; where the line clear signal
1s a signal for specilying the timing to start writing in the
rotation direction of the photosensitive drum 109. Thus, for
the 1image forming apparatus having a characteristic that the
LED array head 111 1s not inclined with respect to the pho-
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tosensitive drum 109 but 1s deviated 1n a parallel direction
with respect to the photosensitive drum 109, it 1s preferable to
select a method of correcting the fluctuation 1n the density of
the toner image using the ratio of the light emission time in the
line clear period.

Next, a light emission control device that controls emission
of light emitted from the LED array heads 111BK, 111Y,

111M, and 111C will be described with reference to FI1G. 4.
FIG. 4 1s a block diagram illustrating a configuration of a light
emission control device which controls the light emission
emitted from the LED array head.

A light emission control device 2 includes: a position
detecting sensor 301 provided for each of the photosensitive
drums 109 of the respective colors of black, yellow, magenta,
and cyan; and an 1image data converting circuit 302 to which
image data of the four colors of black, yellow, magenta, and
cyan are 1put.

The position detecting sensor 301 1s arranged 1n the sub
scanning direction along with the LED array head 111. The
position detecting sensor 301 detects the rotational position
ol the photosensitive drum 109, 1n the sub-scanning direction,
corresponding to a line, 1n the main scanning direction 1n
which light emitted from the LED array head 111 1s imaged in
the optical axis direction. The distance between the LED
array head 111 and the photosensitive drum 109 depends on
the position on the photosensitive drum 109. For this reason,
it 1s necessary to adjust the timing of when to control the
emission of light emitted from the LED array head 111 (that
1s, the timing of when to start the density correction of the
toner 1image) according to the rotational position of the pho-
tosensitive drum 109, 1 the sub-scanning direction, corre-
sponding to a line, 1n the main scanning direction, 1n which
light emitted from the LED array head 111 1s imaged in the
optical axis direction. Thus, in order to perform the density
correction of the toner image, it 1s necessary to detect the
rotational position of the photosensitive drum 109, in the
sub-scanning direction, corresponding to a line, 1n the main
scanning direction, 1n which light emitted from the LED array
head 111 1s imaged 1n the optical axis direction.

FIG. S1s a diagram for explaining a method of detecting the
rotational position of the photosensitive drum 1n the sub-
scanning direction with respect to the line 1n the main scan-
ning direction. In the 1image forming apparatus 1 according to
the present embodiment, the photosensitive drum 109
includes a plurality of position detection marks 401 arranged,
at equally-spaced intervals 1n the sub scanning direction, on a
non-irradiated area that 1s an area which 1s not irradiated with
the light emitted from the LED array head 111. The position
detecting sensor 301 includes a light emitting drum and a light
receiving drum. The position detecting sensor 301 detects the
position detection mark 401 by 1rradiating the non-irradiated
area on the photosensitive drum 109 with a beam emaitted
from the light emitting drum and recerving light retlected
from the non-irradiated area of the light recerving drum.

The position detection marks 401 include a retference mark
having a different feature such as wider line than other marks.
By counting the number of detected marks from the reference
mark, the position detection sensor 301 detects the rotational
position of the photosensitive drum 109, 1n the sub-scanning
direction, corresponding to the line, 1n the main scanning
direction, in which light emitted from an LED 1nstalled in the
LED array head 111 forms 1mage 1n the optical axis direction.

When all of the position detection marks 401 arranged
around the photosensitive drum 109 are detected, the position
detecting sensor 301 detects the detection intervals of the
marks included in the detected position detection marks 401.
Then, the position detecting sensor 301 functions as a linear
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speed detecting unit that detects the linear speed of the pho-
tosensitive drum 109 at the rotational position of the photo-
sensitive drum 109, in the sub-scanning direction, corre-
sponding to the line, 1n the main scanning direction, in which
light emitted from an LED installed 1n the LED array head
111 1s imaged in the optical axis direction, based on the
detected detection intervals of the marks.

In the present embodiment, the linear speed of the photo-
sensitive drum 109 1s detected by using the position detection
marks 401 disposed 1n the photosensitive drum 109, but the
present invention 1s not limited thereto. For example, an
image of the same marks as the position detection marks 401
may be formed on the photosensitive drum 109, and the linear
speed of the photosensitive drum 109 may be detected using
the marks whose 1image 1s formed on the photosensitive drum
109. In this case, the position detecting sensor 301 stores the
travel distance from the reference mark included among the
position detection marks 401 whose 1image 1s formed on the
photosensitive drum 109 and detects the linear speed of the
photosensitive drum 109 based on the stored travel distance.

The 1mage data converting circuit 302 includes a signal
processing circuit 303, a memory 304, and a light emission
control circuit 305.

The memory 304 stores distance data 1n which the rota-
tional position of the photosensitive drum 109 1n the sub
scanning direction (the position on the photosensitive drum
109 where the position detection marks 401 are present) 1s
associated with the distance between the rotational position
ol the photosensitive drum 109 in the sub scanning direction
and the LED array head 111, for each of the photosensitive
drums 109 of black, yellow, magenta, and cyan. In the present
embodiment, the distance between the LED array head 111
and the rotational position of the photosensitive drum 109, 1n
the sub-scanning direction, corresponding to the line, 1n the
main scanmng direction, 1n which light emitted from the LED
installed 1n the LED array head 111 1s imaged in the optical
ax1s direction 1s measured 1n advance, and then the distance
data in which the measured distance is associated with the
rotational position of the photosensitive drum 109 1n the sub
scanning direction 1s stored in the memory 304. Specifically,
the distance between the LED array head 111 and the rota-
tional position of the photosensitive drum 109 in the sub
scanning direction 1s measured using a j1g in an adjusting
process at the time of printer shipment. Here, a ruler may be
used as the j1g. Alternatively, the actual distance between the
LED array head 111 and the rotational position of the photo-
sensitive drum 109 1n the sub scanning direction may be
measured by measuring the beam diameter of light emitted
from the LED array head 111 to the photosensitive drum 109
through a charged coupled device (CCD) camera and com-
paring the measured beam diameter with the beam diameter
obtained when the distance between the LED array head 111
and the rotational position of the photosensitive drum 109 1n
the sub scanning direction 1s at the appropnate distance.

Alternatively, a distance detection pattern may be formed
on the photosensitive drum 109 by 1rradiating the photosen-
sitive drum 109 with light emitted from the LED, and the
density difference between the density of the formed distance
detection pattern and a previously set appropriate density 1s
obtained. Then, based on the obtained density difference, the
amount ol deviation from the distance between the LED array
head 111 and the rotational position of the photosensitive
drum 109 1n the sub scanning direction when the 1mage is
tormed with the appropriate density 1s calculated. However,
when the distance between the LED array head 111 and the
rotational position of the photosensitive drum 109 1n the sub
scanning direction 1s obtained based on the density difference
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between the density of the distance detection pattern formed
on the photosensitive drum 109 and the appropriate density; 1t
1s necessary to form the distance detection pattern based on
the density difference, which 1s caused by a factor other than
distance deviation, such as a fluctuation in the linear speed of
the photosensitive drum 109.

Further, the memory 304 stores the photosensitive drum
linear speed data 1n which the rotational position of the pho-
tosensitive drum 109 in the sub scanning direction (the posi-
tion on the photosensitive drum 109 where the position detec-
tion marks 401 are present) 1s associated with the linear speed
of the photosensitive drum 109 detected by the position
detecting sensor 301, for each of the photosensitive drums
109 of black, yellow, magenta, and cyan.

In addition, the memory 304 stores the correction data in
which the rotational position of the photosensitive drum 109
in the sub scanning direction 1s associated with a density
correction value calculated from the distance between the
LED array head 111 and the rotational position of the photo-
sensitive drum 109, 1n the sub scanming direction, corre-
sponding to the line 1n the main scanning direction, for each
of the photosensitive drums 109 of black, yellow, magenta,
and cyan. Furthermore, the memory 304 stores the correction
data 1n which the rotational position of the photosensitive
drum 109 1n the sub scanming direction 1s associated with a
density correction value calculated from the linear speed of
the photosensitive drum 109 at the rotational position of the
photosensitive drum 109 1n the sub scanning direction, for
cach of the photosensitive drums 109 of black, vellow,
magenta, and cyan.

Here, the density correction value refers to a value used for
correcting the fluctuation 1n the density of the toner image
caused by the deviation amount between the distance between
the LED array head 111 and the rotational position of the
photosensitive drum 109, 1n the sub scanning direction, cor-
responding to the line 1n the main scanning direction and the
focal length of the LED 1nstalled 1n the LED array head 111
or the periodic density fluctuation that occurs due to the
fluctuation in the linear speed of the photosensitive drum 109.
For example, the density correction value may include an
clectric current value of a driving electric current supplied to
the LED or the line clear period.

The signal processing circuit 303: acquires the linear speed
of the photosensitive drum 109 detected by the position
detecting sensor 301; stores the photosensitive drum linear
speed data in which the rotational position of the photosen-
sitive drum 109 1n the sub scanming direction 1s associated
with the acquired linear speed of the photosensitive drum 109
in the memory 304; and periodically updates the photosensi-
tive drum linear speed data. In addition, the signal processing
circuit 303: stores the distance data in which the rotational
position of the photosensitive drum 109 in the sub scanning
direction 1s associated with the distance between the previ-
ously measured rotational position of the photosensitive
drum 109 1n the sub scanning direction and the LED array
head 111 1n the memory 304; and periodically updates the
distance data.

Further, the signal processing circuit 303 acquires the dis-
tance and the linear speed, which are associated with the
rotational position of the photosensitive drum 109 1n the sub
scanning direction detected by the position detecting sensor
301, based on the distance data and the photosensitive drum
linear speed data stored 1n the memory 304. Next, the signal
processing circuit 303 calculates the density correction value
based on each of the acquired distance and the linear speed.
Then, the signal processing circuit 303 stores the correction
data 1n which the rotational position of the photosensitive
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drum 109 1n the sub scanning direction is associated with the
calculated density correction value 1n the memory 304.

Meanwhile, the distance between the photosensitive drum
109 and the LED array head 111 changes depending on the
f1lm thickness on the photosensitive drum 109. For example,
when a member (for example, a photosensitive drum cleaner)
which comes into contact with the photosensitive drum 109 1s
provided, a film on the photosensitive drum 109 1s worn out,
so that the film thickness on the photosensitive drum 109 1s
reduced by Iriction. In addition, the amount of change in the
f1lm thickness on the photosensitive drum 109 depends on the
frictional force between the member contacting the photosen-
sitive drum 109 and the photosensitive drum 109 itself. The
film thickness on the photosensitive drum 109 1s most likely
to worn out at the position in which the member contacting
the photosensitive drum 109 abuts, whereas the film thickness
on the photosensitive drum 109 1s unlikely to reduce as 1t
moves further apart from the position 1n which the member
contacting the photosensitive drum 109 abuts.

Therefore, the signal processing circuit 303 updates the
density correction value of the correction data stored 1n the
memory 304 according to the travel distance of the photosen-
sitive drum 109. More specifically, the signal processing cir-
cuit 303 calculates the amount of change in the film thickness
on the photosensitive drum 109 from the 1nitial state based on
the distribution of the frictional force between the photosen-
sitive drum 109 and the member contacting the photosensi-
tive drum 109. Then, the signal processing circuit 303 updates
the density correction value of the correction data stored in
the memory 304 based on the calculated amount of change. In
this way, the more appropriate density correction value can be
set on the fluctuation 1n the density of the toner image caused
by the fluctuation 1n the film thickness on the photosensitive
drum 109.

The light emission control circuit 303 controls emission of
light emitted from the LED installed in the LED array head
111 according to input image data.

When 1mage data 1s mput to the image data converting
circuit 302 to form the toner image, the light emission control
circuit 305 controls light emission emitted from the LED
installed in the LED array head 111 according to the distance
(the distance between the LED installed in the LED array
head 111 and the rotational position of the photosensitive
drum 109 1n the sub scanning direction) which 1s acquired
based on the distance data by the signal processing circuit
303. In this way, the light emission control circuit 305 cor-
rects the fluctuation 1n the density of the toner 1image occur-
ring due to the deviation amount between the distance
between the LED installed in the LED array head 111 and the
rotational position of the photosensitive drum 109 1n the sub
scanning direction and the focal length of the LED. In the
present embodiment, the light emission control circuit 305:
reads out the density correction value associated with the
rotational position of the photosensitive drum 109 1n the sub
scanning direction detected by the position detecting sensor
301 from the correction data stored in the memory 304
through the signal processing circuit 303; and controls light
emission emitted from the LED array head 111 using the read
out density correction value. The density correction value 1s
calculated based on the distance between the LED array head
111 and the rotational position of the photosensitive drum 109
in the sub scanning direction.

An example 1 which the fluctuation 1n the density of the
toner 1mage 1s corrected in units of lines will be described
with reference to FIG. 6. FIG. 6 1s a diagram for explaining an
example 1 which the fluctuation in the density of the toner
image 1s corrected 1n units of lines.
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As described above, the distance between the photosensi-
tive drum 109 and the LED array head 111 1s varied because
the photosensitive drum 109 has a thick film area and a thin
film area. For this reason, the density of the toner image
formed on the photosensitive drum 109 fluctuates depending
on the film thickness on the photosensitive drum 109. For
example, when the portion which has the thick film area 1s
present in the photosensitive drum 109, the density of the
toner image formed on the portion of the photosensitive drum
109 (a portion that 1s short 1n the distance between the pho-
tosensitive drum 109 and the LED array head 111) 1s thicker
than the density of the toner image formed on the portion of
the photosensitive drum 109 whose film thickness 1s appro-
priate (a portion that 1s approprate 1n the distance between the
photosensitive drum 109 and the LED array head 111). The
fluctuation 1n the density of the toner image occurs 1n con-
nection with the rotational period of the photosensitive drum
109.

The light emission control circuit 305 corrects the line
clear period using the density correction value read from the
correction data stored in the memory 304. Specifically, the
light emission control circuit 3035 decreases the density of the
toner 1image by increasing the line clear period and reducing
the ratio of the light emission time in the line clear period
when light 1s emitted to the portion of the photosensitive drum
109 which causes the density of the toner image to increase.
However, the light emission control circuit 305 increases the
density of the toner 1mage by shortening the line clear period
and increasing the ratio of the light emission time 1n the line
clear period when light 1s emitted to the portion of the pho-
tosensitive drum 109 which causes the density of the toner
image to decrease.

In addition, even though the distance between the LED
array head 111 and the rotational position of the photosensi-
tive drum 109 1n the sub scanming direction 1s constant, fluc-
tuation 1n the density of the toner 1mage may occur due to:
eccentricity of the rotating shait of the photosensitive drum
109; inclination of the LED array head 111; a fluctuation 1n
the rotation speed of a motor that rotatably rotates the photo-
sensitive drum 109; or the like. Even 1n this case, the light
emission control circuit 305 corrects the density of the toner
image by adjusting the line clear period.

FIGS. 7A and 7B are diagrams 1llustrating a timing chart in
which a line clear signal and an LED array lighting control
signal are output. The line clear signal refers to a signal
speciiying the timing of when to start writing in the rotation
direction of the photosensitive drum 109 as described above.
The LED array lighting control signal refers to a signal for
controlling the emission of light from the LED array head
111. The LED array lighting control signal includes a driving
current supplied to the LED 1nstalled 1n the LED array head
111, a light emission time per dot (per LED), and an address
of an LED to emat light among LEDs installed in the LED
array head 111. When the distance between the photosensi-
tive drum 109 and the LED array head 111 1s constant, the
light emission control circuit 303 outputs the line clear signal
at a predetermined line clear period Ta as 1llustrated in FIG.
TA.

However, when the distance between the photosensitive
drum 109 and the LED array head 111 1s decreased 1in an
(n+1)-th line, the light emission control circuit 303 increases
the line clear period to a line clear period Tb only 1n the
(n+1)-th line as shown 1 FIG. 7B. After the LED array
lighting control signal 1s output and writing a line in the
(n+1)-th line 1s finished, an empty time 1n which writing 1s not
performed occurs, and a write position of a line 1n an (n+2)-th
line 1s shifted in the sub scanning direction. By controlling the
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line clear period 1n the above described way, the density of the
toner image can be controlled 1n the sub scanning direction,
and thus 1t 1s possible to correct the fluctuation in the density
ol the toner 1mage at a low cost 1n the sub scanning direction,
which 1s caused by the fluctuation 1n the distance of light in
the optical axis between the photosensitive drum 109 and the
LED array head 111.

The dniving current supplied to the LED installed in the
LED array head 111 and the light emission time per dot are
controlled by the LED array lighting control signal indepen-
dently of the line clear signal. Thus, even 11 the fluctuation 1n
the density of the toner image 1n the sub scanning direction 1s
corrected by controlling the line clear period, 1t has no 1nflu-
ence on the fluctuation in the density of the toner image 1n the
main scanning direction. Thus, 1n order to correct the fluc-
tuation 1n the density of the toner image in both the main
scanning direction and the sub scanning direction, the light
emission control circuit 305 needs to correct the fluctuation 1n
the density of the toner image by controlling the driving
current supplied to the LED 1nstalled 1in the LED array head
111 or correct the fluctuation in the density of the toner image
in units of dots by controlling the light emission time per dot
of the LED using the LED array lighting control signal.
Alternatively, the fluctuation 1n the density of the toner image
may be corrected by controlling both the line clear period
during which the line clear signal 1s output and the light
emission time of the LED by the LED array lighting control
signal.

FIG. 8 1s a diagram 1llustrating an example 1in which the
fluctuation 1n the density of the toner 1image 1s corrected 1n
units of dots. First, a description will be made 1in connection
with an example 1n which one dot 1s divided into 1/n dots and
the fluctuation 1n the density of the toner 1image 1s corrected.
When the distance between the photosensitive drum 109 and
the LED array head 111 1s decreased in an n-th line and an
(n+1)-th line, the light emission control circuit 305 may cor-
rect the tluctuation in the density of the toner image by divid-
ing one dot 1n the n-th line and the (n+1)-th line into 1/n dots
(for example, 1/5 dots) and controlling the light emission time
of light by the LED 1nstalled 1n the LED array head 111 such
that the light emission time corresponds to m/n dots as 1llus-
trated 1n FIG. 8(a). Here, m 1s a positive integer less than n
(m<n).

Next, a description will be made in connection with

another example 1n which the fluctuation in the density of the
toner 1image 1s corrected in umts of dots. When the distance
between the photosensitive drum 109 and the LED array head
111 1s decreased in the (n+1)-th line and an (n+2)-th line, the
light emission control circuit 305 may correct the fluctuation
in the density of the toner image by controlling the light
emission time for emitting light corresponding to one dot 1n
the (n+1)-th line and the (n+2)-th line as illustrated 1n FIG.
8(b).

In addition, the light emission control circuit 305: reads the
density correction value associated with the rotational posi-
tion of the photosensitive drum 109 1n the sub scanning direc-
tion detected by the position detecting sensor 301 from the
correction data stored 1n the memory 304 through the signal
processing circuit 303; and controls light emission performed
by the LED array head 111 using the read density correction
value. The density correction value is calculated based on the
linear speed of the photosensitive drum 109. In the present
embodiment, by controlling the line clear period based on the
density correction value read out from the correction data
stored 1n the memory 304, the light emission control circuit
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305 corrects the periodic density fluctuation occurring due to
the fluctuation 1n the linear speed of the photosensitive drum

109,

When the periodic density tluctuation occurring due to the
fluctuation in the linear speed of the photosensitive drum 109
1s corrected: the light emission control circuit 305 corrects
light emission from the LED array head 111 using the density
correction value calculated based on the linear speed of the
photosensitive drum 109; and then further corrects light emis-

sion from the LED array head 111 using the density correc-
tion value calculated based on the distance between each

position on the photosensitive drum 109 and the LED array
head 111.

FIG. 9 15 a flowchart illustrating the tlow of a process of
correcting the fluctuation in the density of the toner image.
When image data 1s input (Yes in step S901), in step S902, the
light emission control circuit 305 reads out the density cor-
rection values associated with the rotational position of the
photosensitive drum 109 in the sub scanning direction
detected by the position detecting sensor 301 from the cor-
rection data stored in the memory 304 through the signal
processing circuit 303 The density correction value 1s calcu-
lated based on the linear speed of the photosensitive drum 109
and the density correction value calculated based on the dis-
tance between the LED array head 111 and the rotational
position of the photosensitive drum 109 1n the sub scanning
direction.

Subsequently, 1n step S903, the light emission control cir-
cuit 305: controls the light emission from the LED 1nstalled 1n
the LED array head 111 using the density correction value
calculated based on the linear speed of the photosensitive
drum 109; and corrects the period density fluctuation in the
sub scanning direction occurring due to the fluctuation 1n the
linear speed of the photosensitive drum 109. After correcting
the period density tluctuation 1n the sub scanning direction
occurring due to the fluctuation in the linear speed of the
photosensitive drum 109, 1n step S904, the light emission
control circuit 305 corrects the fluctuation in the density
caused by the deviation amount between the distance between
the LED 1installed 1n the LED array head 111 and the rota-
tional position of the photosensitive drum 109 1n the sub
scanning direction and the focal length of the LED using the
density correction value calculated based on the distance
between the LED 1nstalled in the LED array head 111 and the
rotational position of the photosensitive drum 109 1n the sub
scanning direction.

As described above, according to the image forming appa-
ratus 1 of the present embodiment, detected is the rotational
position of the photosensitive drum 109, 1n the sub-scanning
direction, corresponding to the line, 1n the main scanning
direction, 1n which light emitted from the LED installed 1n the
LED array head 111 1s imaged 1n the optical axis direction.
Then, acquired 1s the distance between the LED and the
detected rotational position of the photosensitive drum 109 1n
the sub scanning direction. Then, the light emission by the
LED 1s controlled according to the acquired distance, and the
fluctuation 1n the density of a visible 1image converted from
the electrostatic 1image 1s corrected. Thus, the fluctuation in
the density of the toner 1image can be corrected without using
the member that makes the distance of light in the optical axis
between the rotational position of the photosensitive drum
109 1n the sub scanning direction and the LED array head 111
constant or without controlling the position of the LED array
head 111 according to the fluctuation in the film thickness on
the photosensitive drum 109. Thus, the fluctuation in the
density of the toner image, which 1s caused by the fluctuation
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in the distance of light 1n the optical axis between the photo-
sensitive drum 109 and the LED array head 111, can be
corrected at a low cost.

A program executed by the image forming apparatus 1
according to the present embodiment may be embedded 1n a
read only memory (ROM) or the like in advance. A program
executed by the image forming apparatus 1 according to the
present embodiment may be a file having an 1nstallable for-
mat or an executable format and may be configured to be
provided in the form recorded 1n a computer readable record-

ing medium such as a compact disc-read only memory (CD-
ROM), a flexible disk (FD), a compact disc-recordable (CD-

R), or a digital versatile disk (DVD).

In addition, a program executed by the image forming
apparatus 1 according to the present embodiment may be
configured to be stored 1n a computer connected to a network
such as the Internet and provided by downloading the pro-
gram via the network. Further, a program executed by the
image forming apparatus 1 according to the present embodi-
ment may be configured to be provided or distributed via a
network such as the Internet.

A program executed by the image forming apparatus 1
according to the present embodiment may have a module
configuration including a position detecting unit correspond-
ing to the position detecting sensor 301, a signal processing
unit corresponding to the signal processing circuit 303, a light
emission control unit corresponding to the light emission
control circuit 305, and the like. In actual hardware, by read-
ing and executing the program from the ROM through a
central processing umit (CPU) that 1s a control unit, the above
units are loaded onto a main storage device, and the position
detecting unit, the signal processing unit, the light emission
control unit, and the like are generated on the main storage
device.

The 1mage forming apparatus according to the above
described embodiment may be applied to a multi-function
peripheral (MFP) having at least two of the following; a
copying function, a printer function, a scanner function, and
a facsimile function, a copying machine, a printer, a scanner
device, a facsimile device, and the like.

According to the present invention, there 1s an effect
capable of Correcting, at a low cost, the fluctuation in the
density of an image resulting from the fluctuation 1n the
distance between the photosensitive drum and the LED array
in the optical axis direction of the light.

Although the mnvention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall within the basic teaching herein set forth.

What 1s claimed 1s:

1. A light emission control device that images an electro-
static latent 1mage on a photosensitive element by a plurality
ol light emitting elements corresponding to a line 1n a second
direction perpendicular to a first direction which 1s a rotation
direction the photosensitive element, the device comprising:

a detecting unit that detects a rotational position of the

photosensitive element, 1n the first direction, corre-
sponding to a line 1n the second direction;

an acquiring unit that acquires a distance between the light

emitting elements and the rotational position of the pho-
tosensitive element 1n the first direction detected by the
detecting unit; and

a control unit that controls light emission by the light

emitting elements according to the distance acquired by
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the acquiring unit and corrects a fluctuation 1n a density
of a visible image converted from the electrostatic latent
image,
wherein:
the light emitting elements emait light according to a line
clear signal specifying timing of when to start writing 1n
the rotation direction of the photosensitive element, and

the control unit corrects the tluctuation 1n the density of the
image by controlling a line clear period during which the
line clear signal 1s output according to the distance
acquired by the acquiring unait.

2. The light emission control device according to claim 1,

wherein the control unit corrects the fluctuation in the

density of the image by controlling a ratio of a light
emission time in the line clear period.

3. The light emission control device according to claim 1,

wherein the control unit corrects the fluctuation in the

density of the image by controlling light emission by the
light emitting elements 1n units of 1/n dots.

4. The light emission control device according to claim 1,

wherein the control unit corrects the fluctuation in the

density of the image by controlling a driving current
supplied to the light emitting elements.

5. The light emission control device according to claim 1,

turther comprising a measuring unit that measures a linear

speed of the photosensitive element at the rotational
position of the photosensitive element 1n the first direc-
tion detected by the detecting unait,

wherein the control unit corrects a period density fluctua-

tion of the 1mage in the second direction by controlling
light emission by the light emitting elements according
to the linear speed of the photosensitive element mea-
sured by the measuring unit.

6. The light emission control device according to claim 1,

turther comprising a storage unit that stores the rotational

position of the photosensitive element 1n the first direc-
tion and a density correction value which 1s used for
correcting a period density fluctuation of the 1image 1n
the first direction and 1s obtained based on the linear
speed of the photosensitive element 1n association with
each other,

wherein the control unit controls light emission by the light

emitting elements using the density correction value
stored 1n association with the rotational position of the
photosensitive element 1n the first direction detected by
the detecting unit.

7. The light emission control device according to claim 6,

wherein the control unit controls light emission by the light

emitting elements using the density correction value and
then further controls light emission by the light emitting
clements according to the distance acquired by the
acquiring unit.

8. The light emission control device according to claim 6,

further comprising an updating unit that updates the den-

sity correction value stored in the storage unit according,
to a travel distance of the photosensitive element.

9. A light emission control method executed by a light
emission control device that images an electrostatic latent
image on a photosensitive element by a plurality of light
emitting elements corresponding to a line 1n a second direc-
tion perpendicular to a first direction which 1s the rotation
direction of the photosensitive element, the method compris-
ng:

detecting a rotational position of the photosensitive ele-

ment, 1n the first direction, corresponding to a line 1n the
second direction;
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acquiring a distance between the light emitting elements
and the rotational position of the photosensitive element
in the first direction detected by the detecting; and

controlling light emission by the light emitting elements
according to the distance acquired and correcting a tluc-
tuation in density of a visible image converted from the
clectrostatic latent image,

wherein:

the controlling light emission controls the light emission
such that the light emitting elements emit light accord-
ing to a line clear signal specitying timing of when to
start writing 1n the rotation direction of the photosensi-
tive element, and

the correcting the fluctuation corrects the fluctuation 1n the
density of the image by controlling a line clear period
during which the line clear signal 1s output according to
the distance acquired.

10. An 1image forming apparatus, comprising:

a photosensitive element;

a light emitting unit that includes a plurality of light emait-
ting elements corresponding to a line 1n a second direc-
tion perpendicular to a first direction which 1s a rotation
direction of the photosensitive element and 1mages an
clectrostatic latent 1mage on the photosensitive element
by light emission from the light emitting elements;
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a developing unit that converts the electrostatic latent
image formed on the photosensitive element 1nto a vis-
ible 1mage;

a detecting unit that detects a rotational position of the
photosensitive element, i the first direction, corre-
sponding to a line 1n the second direction;

an acquiring unit that acquires a distance between the light
emitting elements and the rotational position of the pho-
tosensitive element 1n the first direction detected by the
detecting unit; and

a control unit that controls light emission by the light
emitting elements according to the distance acquired by
the acquiring unit and corrects a fluctuation in a density
of the visible image converted from the electrostatic
latent 1mage,

wherein:

the light emitting elements emait light according to a line
clear signal of to start writing in the rotation direction of
the photosensitive element, and

the control unit corrects the tluctuation in the density of the
image by controlling a line clear period during which the
line clear signal 1s output according to the distance
acquired by the acquiring unit.
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